Ornithinimicrobium algicola sp. nov., a marine actinobacterium isolated from the green alga of the genus Ulva
A Gram-staining-positive, non-spore-forming actinobacterium, strain JC311 T , isolated from marine green alga of the genus Ulva was studied to examine its taxonomic position. On the basis of the 16S rRNA gene sequence similarity studies, strain JC311
T was shown represent a member of the genus Ornithinimicrobium and to be closely related to Ornithinimicrobium pekingense LW6 T (98.6 %), Ornithinimicrobium kibberense K22-20 T (98.3 %) and
Ornithinimicrobium humiphilum HKI 0124 T (98.1 %). However, strain JC311 T showed less than 22 % DNA reassociation value (based on DNA-DNA hybridization) with O. pekingense JCM14001 T , O. kibberense JCM12763 T and O. humiphilum KCTC19901 T . The predominant menaquinone of strain JC311 T was MK-8(H4). The peptidoglycan contained L-ornithine as the diagnostic diamino acid. The polar lipid profile consisted of the lipids diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, glycophospholipid, aminophospholipid, phospholipid and two unidentified lipids. The major fatty acids iso-C 16 : 0 , iso-C 15 : 0 , iso-C 17 : 1 v9c and iso-C 17 : 0 were consistent with the fatty acid patterns reported for members of the genus Ornithinimicrobium. The distinct genomic, morphological, physiological and chemotaxonomic differences from the previously described taxa support the classification of JC311 T as a representative of a novel species of the genus Ornithinimicrobium, for which we propose the name Ornithinimicrobium algicola sp. nov., with the type strain JC311 T (5 KCTC 39559
The genus Ornithinimicrobium, a member of the family Intrasporangiaceae, was proposed by Groth et al. (2001) . At the time of writing, the genus comprised five species with validly published names, Ornithinimicrobium humiphilum was the first accepted species of the genus Ornithinimicrobium (Groth et al., 2001) , followed by Ornithinimicrobium kibberense (Mayilraj et al., 2006) isolated from soil of 45 cm below an ice glacier, Ornithinimicrobium pekingense (Liu et al., 2008) isolated from a bioreactor used for wastewater treatment, Ornithinimicrobium murale (Kämpfer et al., 2013) isolated from an indoor wall with moulds and Ornithinimicrobium tianjinense (Liu et al., 2013) isolated from a water sample of a recirculating aquaculture system. In this study, we isolated a strain from a marine green alga of the genus Ulva and found that the 16S rRNA gene sequence of the isolate was related to those of species of Ornithinimicrobium. Here, we describe its phenotypic, physiological and chemotaxonomic features.
Strain JC311
T was isolated from a marine green alga Ulva sp. which was collected from Shivrajpur coast, Kachhighadi, Gujarat, India (22.3318 N, 068 .9518 E) on 23 December 2014. JC311
T was isolated and cultured on a medium (modified R2A medium; pH 7.2) containing (g l
21
) yeast extract (0.5), peptone (0.5), casein enzyme hydrolysate (0.5), yeast extract (0.5), glucose (0.5), water soluble starch (0.5), dipotassium phosphate (0.3), magnesium sulphate (0.05), sodium pyruvate (0.3) and sodium chloride (20.0). Three distinct colony morphologies were observed from plates incubated at 30 8C for 5 days. Bright yellow pigmented colonies were purified by subsequent streaking on the same medium. The purified isolate was designated strain JC311
T , preserved as glycerol stocks and by lyophilization and stored at 4 8C. The purified cultures were grown in liquid medium in conical flasks (500 ml) with shaking (160 r.p.m.) for chemoheterotrophic growth. For routine culturing and for physiological tests, JC311 T was grown at pH 7.2 and at 30 8C in tryptone soya broth or agar (TSB or TSA) medium.
Genomic DNA was isolated and purified by the method described by Marmur (1961) and the G+C content (mol%) of the DNA, as determined by HPLC (Mesbah et al., 1989) , was 70.4 mol%. Cell material for 16S rRNA gene sequencing was taken from a well-isolated colony and the gene was PCR amplified and sequenced as described previously (Srinivas et al., 2012) . BLAST search analysis of the 16S rRNA gene sequence (1439 nt) was performed using the EzTaxon-e server (Kim et al., 2012) . Strain JC311
T showed the highest sequence similarity to O. pekingense LW6 T (98.6 %), O. kibberense K22-20 T (98.3 %) and O. humiphilum HKI 0124 T (98.1 %). The 16S rRNA gene sequences were aligned with the MUSCLE program using the UPGMA clustering method of MEGA version 6 (Tamura et al., 2013) software. For reconstructing neighbour joining (NJ), maximum likelihood (ML) and minimum evolution (ME) phylogenetic trees the following statistical methods were used. For NJ the Kimura two-parameter model (Kimura, 1980) , uniform rates and pair-wise deletion was used. For ML the Kimura two-parameter model, uniform rates, heuristic search algorithm and the nearest-neighbour-interchange with complete deletion was used. For ME the Kimura twoparameter model, uniform rates, heuristic search algorithm and close-neighbour-interchange with pair-wise deletion was used. The combined phylogenetic tree (NJ, ML, ME confirmed the clustering of JC311
T with members of the genus Ornithinimicrobium (Fig. 1 ) and the sequence similarities between JC311
T and its closest phylogenetic neighbours are in agreement with the results of Ez-Taxon-e BLAST search analysis.
DNA-DNA reassociation between strains was determined using a membrane filter technique as described previously (Chakravarthy et al., 2012; Seldin & Dubnau, 1985 T were used for comparative taxonomic analysis at the authors' laboratory.
Under a light microscope (BH-2; Olympus), cells of strain JC311
T were coccoid to rod-shaped, 0.3-0.6 mm wide and 1.6-2.0 mm long (Fig. S1 , available in the online Supplementary Material). Flagellar motility was not observed under the microscope and was confirmed by the hanging drop method. Growth was measured turbidometrically at 600 nm in a colorimeter (Systronics) after 5 days of growth. In a buffered medium (K 2 HPO 4 /KH 2 PO 4 buffer for pH 5-8 and NaHCO 3 /NaOH buffer for pH 9-11), growth of JC311
T occurred between pH 6.0 and pH 8.0 and optimal pH was 7.0. T with the most closely related members of the genus Ornithinimicrobium. The tree was reconstructed by the neighbour joining method using the MEGA6 software and rooted by using Arthrobacter globiformis DSM 20124 T (X80736) as the outgroup. Numbers at nodes represent bootstrap values (based on 1000 resamplings) and the bootstrap percentages refer to NJ/ME/ML analysis. The GenBank accession numbers for 16S rRNA gene sequences are shown in parentheses. Bar, 1 nt substitution per 100 nt.
JC311
T had obligate requirement for salt (1 % NaCl and optimum was 2 % NaCl) for growth and could tolerate up to 8.0 % (w/v) NaCl. Temperature (5, 15, 20, 25, 30, 35, 40 and 45 8C) range for growth was examined in TSB medium and growth was measured turbidometrically at 600 nm in a colorimeter (Systronics). Growth occurs for JC311
T from 25 to 45 8C and growth optimum for JC311
T was 30 8C.
Utilization of organic substrates (raffinose, sucrose, maltose, D-fructose, benzoate, glycerol, cellobiose, D-ribose, D-glucose, D-galactose, arabitol, citrate and acetate) was tested as described previously (Liu et al., 2008) . Acid production was tested in medium (Liu et al., 2008) (Table 1) .
Different biochemical tests such as hydrolysis of casein, gelatin and oxidase and catalase activity were carried out in the prescribed media as described previously (Liu et al., 2008 T could hydrolyse gelatin and Tween 80, which were not hydrolysed by the other strains examined. All four strains were positive for catalase and negative for oxidase activity. Sensitivity to different antibiotics was tested after spreading cells on TSA plates (incubated for 7 days at 30 8C) using ready-made sensi-discs (HiMedia) with varying amount of antibiotics. JC311 T was sensitive to the following antibiotics: erythromycin, chloramphenicol, ampicillin, penicillin, streptomycin and gentamicin. JC311
T was resistance to penicillin and differs in this respect from O. humiphilum KCTC 19901 T . JC311
T was susceptible to erythromycin, chloramphenicol and ampicillin and in these respects differs from O. pekingense JCM 14001 T . JC311 T was susceptible to chloramphenicol, ampicillin, streptomycin and gentamicin and differs in these respects from O. kibberense JCM 12763
T .
Cells grown in TSB medium were harvested when growth of the cultures reached around 70 % of the maximal optical density (exponential growth phase) and used for analysis of cellular fatty acids, polar lipids and quinones, which was done as described previously (Ramaprasad et al., 2015) . Major fatty acids (more than 5 % of the total) are iso-C 16 : 0 , iso-C 15 : 0 , iso-C 17 : 1 v9c and iso- Table S1 . The fatty acid profile of strain JC311
T differed markedly from those of the three closest relatives with respect to having higher amounts of iso-C 16 : 0 , iso-C 16 : 1 and iso-C 14 : 0 . In addition, O. pekingense JCM 14001
T contained higher amounts of iso-C 15 : 0 and iso-C 17 : 1 v9c when compared with the other three strains.
Diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylinositol (PI), a glycophospholipid (GPL), an aminophospholipid (APL), a phospholipid (PL2) and two unidentified lipids (L1-2) were the polar lipid identified in strain JC311 T (Fig. S2 ) MK-8(H4) was the major (94-95 %) quinone in the four strains.
The peptidoglycan of cells of strain JC311
T was isolated following disruption of the cells by shaking with glass beads and subsequent trypsin digestion, according to the method of Schleifer (1985) . Cell wall was hydrolysed for amino acid analyses as described by Schleifer & Kandler (1972) . Amino acids in cell-wall hydrolysates were analysed by HPLC (Tang et al., 2009a, b; McKerrow et al., 2000) . The cell-wall peptidoglycan of strain JC311
T contained the amino acids L-ornithine, D-alanine, L-alanine, glycine, D-aspartic acid and L-glutamic acid.
The genomic distinction of strain JC311
T from its closest phylogenetic neighbours O. pekingense JCM 14001 T , O. kibberense JCM 12763 T and O. humiphilum KCTC 19901 T is well supported by the phenotypic traits which include cell size, organic carbon source utilization, antibiotic susceptibility, casein hydrolysis, gelatin hydrolysis and fatty acid composition together with differences in polar lipid profile, indicating that strain JC311
T is representative of a novel species of the genus Ornithinimicrobium for which we propose the name Ornithinimicrobium algicola sp. nov.
Description of Ornithinimicrobium algicola sp. nov.
Ornithinimicrobium algicola (al.gi'co.la. L. fem. n. alga seaweed, alga; L. suff. -cola inhabitant, dweller; N.L. masc. n. algicola alga-dweller).
Cells are Gram-staining-positive, non-spore-forming, aerobic, coccoid to rod-shaped cells, 0.3-0.6 mm wide and 1.6-2.0 mm in length. Colonies on TSA are bright yellow, smooth, circular and convex with entire margins. Growth occurs on marine agar, M79 agar and TSA medium. Temperature range for growth is 25-45 uC (optimum, 30 uC) . The pH range for growth is 6-8 (optimum, pH 7). Salinity range for growth is 1-8 % NaCl (optimum, 2 %). pH range for growth (optimum) 6.0-8.0 (7.0) 6.0-9.0 (8.0) 6.0-9.0 (7.0) 7.5-9.0 (9.0) NaCl tolerance (%, w/v) diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, a glycophospholipid, an aminophospholipid, a phospholipid and two unidentified lipids. Major fatty acids are iso-C 16 : 0 , iso-C 15 : 0 , iso-C 17 : 1 v9c and iso-C 16 : 1 .
The type strain JC311 T (5KCTC 39559 T 5LMG 28808 T ), was isolated from marine green alga Ulva sp., which was collected Kachhighadi, Shivrajpur coast, Gujarat, India. The DNA G+C content of the type strain is 70.4 mol%.
